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A BRIEF STLTDY OF CLOSED-CIRCUIT TELFVISION 

FOR AIRCRAFT LANDING 

By John P. Reeder and Joseph J. Kolnick 

SUMMARY 

A br ie f  study i s  made of a closed-circuit  t e lev is ion  mounted i n  a t r a ine r -  
type airplane t o  provide forward view during landing. The r e s u l t s  of 45 landings 
by seven p i l o t s  under good v i sua l  conditions but with the  p i l o t  en t i r e ly  depend- 
ent  on the te lev is ion  f o r  vis ion showed t h a t  te lev is ion  provided adequate forward 
view during the  approach, f l a r e ,  and ground roll. In  addition, three take-offs 
were made which showed t h a t  te lev is ion  provided adequate forward view during the  
ground roll and climb t o  about 500 f ee t .  Some problems connected with the  use of 
t he  te lev is ion  for forward view a r e  discussed and some recommendations are made 
f o r  a p rac t i ca l  system. 

INTROMJCTION 

The new designs f o r  fu ture  very high performance a i r c r a f t  have l e d  t o  the  
suggestion t h a t  other means of providing forward vis ion than the  conventional 
windshield may be needed f o r  landing. One proposal f o r  obtaining forward vis ion 
i s  by the  use of closed-circuit  t e lev is ion .  Information was needed, however, t o  
determine the  requirements f o r  a usable airborne closed-circuit  t e lev is ion  system 
and t o  resolve any airplane operating problems connected with the  two-dimensional 
or flat-view f i e l d  provided by the  te lev is ion  monitor. Also, information was 
needed on the  v i sua l  cues and f i e l d  of view required f o r  simulator invest igat ions 
of landing problems of fu ture  a i r c r a f t  and space vehicles.  

Because landing i s  the  most c r i t i c a l  phase of a i rplane operation, a brief 

This paper gives the  r e s u l t s  of 45 landings by seven 
invest igat ion w a s  made l a t e  i n  1958 of closed-circuit  t e lev is ion  t o  provide for-  
ward vis ion f o r  landing. 
p i l o t s  with a t ra iner- type airplane using closed-circuit  t e lev is ion  f o r  forward 
vision. 
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EQUIPMENT 

A standard commercial closed-circuit  t e lev is ion  s e t  which included a monitor, 
control  box, vidicon camera, and connecting cables was i n s t a l l e d  i n  a trainer-type 
airplane ( f ig .  1). The 12-inch monitor w a s  mounted i n  place of the  rear cockpit 
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instrument panel and t h e  control  box w a s  i n s t a l l e d  i n  the baggage compartment. 
The vidicon camera w a s  i n s t a l l e d  i n  a pod that w a s  attached under the  l e f t  wing a t  
the bomb shackle location. 
8 feet t o  the  l e f t  of t h e  pos i t ion  where the  rear cockpit p i l o t ' s  eyes would nor- 
mally be during landing. 
giving a 34' angle of view w a s  used on t h e  vidicon camera. However, w i t h  th is  
lens  mechanical d i f f i c u l t i e s  made it impossible t o  ge t  t he  vidicon camera in to  
focus and consequently a. 1-inch focal-length l ens  with a 21.5' angle of view w a s  
used f o r  t he  remainder of t he  landings. 

This placed the  vidicon-camera lens  5 feet below and 

For t h e  first two landings, a 15-m focal-length l ens  

A separate 110-volt, 60-cycle, 750-volt ampere inverter ,  mounted just fo r -  
ward of t he  ba t te ry  locat ion i n  the  r ea r  of t h e  fuselage, was used as a source of 
power f o r  the  te lev is ion  equipment. All t he  closed-circuit  t e lev is ion  e l e c t r i c a l  
tuning controls w e r e  located e i t h e r  on the  control  box or r ea r  of t he  monitor 
except t h a t  t he  controls f o r  v e r t i c a l  hold, horizontal  hold, contrast ,  brightness,  
and v e r t i c a l  alinement were located on the  f ront  of t he  monitor. The vidicon- 
camera lens  w a s  set manually p r i o r  t o  f l ight f o r  t h e  various l i g h t  conditions. 

Lack of space did not permit any engine instruments t o  be i n s t a l l e d  i n  the  

The e n t i r e  rear cockpit 
r ea r  cockpit, and the  only f l i g h t  instruments provided were an airspeed indicator  
and al t imeter ,  which were i n s t a l l e d  above the  monitor. 
w a s  covered by a hood which prevented any outside vision. A 16-III~ gun camera w a s  
placed j u s t  t o  t he  r igh t  of t h e  p i l o t ' s  head t o  photograph the  monitor and another 
16-DRI gun camera w a s  i n s t a l l e d  i n  the  wing camera compartment. 

TESTS 

The vidicon-camera-lens s e t t i n g  could not be changed i n  f l i g h t  t o  compensate 
f o r  large var ia t ions  i n  l i g h t  in tens i ty ;  therefore ,  a l l  t he  landing tests except 
two, which were made with 0.2 t o  0.3 cloud cover, were made under uniform l i g h t  
conditions. On sunny days, t he  landing t e s t s  were made with the  sun e i t h e r  over- 
head or behind the  p i l o t  t o  minimize the  l i g h t  re f lec t ion  from the  concrete run- 
way so t h a t  it could be compensated f o r  by t h e  fine-tune contrast  and brightness 
controls avai lable  t o  the  p i l o t .  
standard left-hand landing t r a f f i c  pa t te rn .  However, t he  l i g h t  var ia t ions  were 
too la rge  t o  be compensated f o r  by the  p i l o t ' s  t e lev is ion  controls and the  
landing tests were l imited t o  f i n a l  approach, flare, and touchdown. 

I n i t i a l l y ,  an attempt was made t o  fly an e n t i r e  

Two p i l o t s  w e r e  aboard during a l l  t e s t s .  
p i l o t  and the  rear p i l o t ,  under t h e  hood, w a s  the  tes t  p i l o t .  
t he  safe ty  p i l o t  turned the  airplane onto the  f i n a l  approach path and s e t  t he  
propeller-governor control  a t  approximately the  correct se t t ing .  The airplane 
controls,were then taken over by t h e  test p i l o t ,  who proceeded t o  es tab l i sh  h i s  
approach path. 

The forward p i l o t  w a s  t h e  safety 
For these t e s t s ,  

The seven t e s t  p i l o t s  used f o r  these t e s t s  w e r e  permitted t o  use any landing 
For t h e  43 landing tes ts  i n  t h i s  investigation, a l l  used technique they desired. 
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. a nearly constant glide-path-angle final-approach technique and a l l  t h e  p i l o t s  
except one used the  same flare technique. Glide-path angles which ranged from 
about 3 O  t o  5 O  w e r e  t r i e d ,  with t h e  5 O  angle being used most often.  For safety,  
each p i l o t  w a s  permitted t o  make as many or ientat ion landings without t he  hood as 
desired.  Two p i l o t s  used two or ientat ion landings, th ree  p i l o t s  did not use any 
or ien ta t ion  landings, and two p i l o t s  used one or ientat ion landing. Nineteen of 
t he  45 landings w e r e  made with cross-wind components from about 5 t o  10 h o t s  i n  
order t o  determine t h e i r  e f f ec t  on the  landings. Motion p ic tures  were taken of 
t h e  monitor and forward view from t h e  airplane.  
take-offs, one each by three  p i l o t s ,  w e r e  made with the  te lev is ion  monitor used 
f o r  forward view. 

For addi t ional  information, th ree  

DISCUSSION 

The r e s u l t s  of t h i s  invest igat ion a r e  presented i n  four par t s :  f i n a l  
approach, f lare and ground roll, take-off, and equipment requirements. 

F ina l  Approach 

The f i n a l  approaches s t a r t e d  a t  distances of 2 t o  4 miles from the  runway 
and were made with constant glide-path angles which ranged from 3 O  t o  5O. 

t h e  approach speed of about 90 knots, the  f i n a l  approaches were between 1 and 
2 minutes i n  duration. 

With 

Both the  motion p ic tures  of t he  monitor and comments of a l l  the  p i l o t s  ind i -  
ca te  t h a t  t he  more important v i sua l  cues used during a normal approach could be 

, obtained from the  monitor p ic ture .  Some d i f f i cu l ty  was experienced because the  
horizon, which was desired f o r  a t t i t u d e  reference, w a s  poorly defined as a r e s u l t  
of the  l imited depth of focus and appeared curved because it w a s  not on the  opt i -  
c a l  ax is  of t he  vidicon camera. The l o s s  of t he  horizon as an a t t i t u d e  reference 
was not l imi t ing  because other cues such as the  posi t ion of t he  runway on the  
monitor p ic ture  could be used instead f o r  a t t i t u d e  reference. 

The depth of focus w a s ,  a t  best ,  considered only fa i r  by a l l  p i l o t s ,  and 
t h e i r  evaluation was substant ia ted by evidence from the  motion p ic tures  of t he  
monitor f o r  a l l  t e s t  landings. The theo re t i ca l  resolution of t he  monitor p ic ture  
was about 2.5 minutes of a rc .  However, t he  measured resolut ion of t he  picture ,  
as determined from the  width of the  f i e l d  of v i e w  a t  the  distance from the  lens  
a t  which two l i n e s  5 f e e t  apar t  could be distinguished, varied between 7 and 
11 minutes of a rc .  Although it was possible t o  make reasonable f i n a l  approaches 
with t h i s  range of resolution, a l l  p i l o t s  were of the  opinion that f o r  a p rac t i -  
c a l  operational system the  p ic ture  should have a resolut ion estimated t o  be about 
3 minutes of a rc  or be t t e r .  
resolution, and, a t  t i m e s ,  poor p ic ture  contrast  and brightness due t o  var ia t ions 
i n  l i g h t  i n t ens i ty  discussed e a r l i e r ,  height estimation from near foreground 
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Because of t h e  l imited depth of focus, inadequate 
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objects  was, a t  best ,  marginal. This, i n  turn,  made it d i f f i c u l t  f o r  t h e  p i l o t  i 

t o  maintain an accurate gl ide path t o  the  point  of flare. 

All p i l o t s  indicated t h a t  t h e  21.5' angle of view was adequate f o r  estab- 
l i sh ing  and maintaining a desired g l ide  path f o r  a l l  approaches made. However, 
no attempt was made t o  determine whether t he  angle of view would be adequate i f  
la rge  airplane a t t i t u d e  changes were required during t h e  approach. 

The use of a glide-path angle within the  range of 3 O  t o  5 O  w a s  s a t i s f ac to ry  
f o r  t he  landings. For 20 of t h e  approaches, there  w e r e  crosswinds ranging from 
about 5 t o  10 knots and a l l  p i l o t s  reported t h a t  they had no problem i n  main- 
ta in ing  d i rec t iona l  alinement with these crosswinds. 

From these tests it can be concluded t h a t  good approaches f o r  landing can 
be made consis tent ly  by using te lev is ion  f o r  forward view. 

F lare  and Ground Roll 

Six of t he  p i l o t s  used a normal f lare technique but one p i l o t  s t a r t e d  h i s  
f lare a t  about t h e  20-foot height indicat ion on h i s  a l t imeter .  T h i s  technique 
i s  s i m i l a r  t o  t h a t  used i n  night landings without t he  use of l i g h t s .  There was a 
tendency t o  f lare the  airplane somewhat prematurely on the  e a r l i e r  landings made 
by each p i l o t  u n t i l  they compensated f o r  the  location of t he  vidicon camera 
5 f e e t  below the  accustomed eye l eve l .  Large nose-up a t t i t u d e s  near s ta l l  f o r  
landing had t o  be avoided t o  prevent loss  of view of t he  runway on the  monitor 
screen. 

The motion p ic tures  of t he  monitor and comments of all t h e  p i l o t s  ind ica te  
t h a t  v i sua l  cues f o r  f l a r i n g  of t he  airplane and rol l -out  a f t e r  touchdown could i 
be obtained from the  monitor picture .  The only d i f f i c u l t y  reported by a l l  p i l o t s  
was i n  estimating height within about 5 f e e t  during the  last  10 feet from the  run- 
way. 
the  narrow 2l.5O angle of view, which l imited the  per ipheral  vis ion,  but more 
strongly t o  the  marginal resolut ion and depth of focus of the  monitor picture .  
The l i m i t  of t he  per ipheral  vis ion can be rea l ized  from t h e  f a c t  t h a t  t h e  nearest  
point a t  which t h e  p i l o t  w a s  able  t o  see the  s ide of t he  runway w a s  about 400 f e e t  
ahead of t he  airplane.  The tex ture  of the  landing surface, such as the  division 
s t r i p s  i n  the  concrete, center-l ine markings, and t i r e  skid marks, were t h e  p r i -  
mary source of information used by the  p i l o t s  during the  f l a r e  and touchdown. 
This information appeared t o  be adequate except for the  judgment of height previ-  
ously mentioned. Where landing touchdown was attempted so le ly  on the  bas i s  of 
exact height estimation, some hard landings and a wide var ia t ion i n  touchdown 
point resul ted.  However, use of other p i l o t  techniques and v isua l  cues allowed 
good landing touchdown t o  be made but what e f f ec t  they had on the  posi t ion of the  
touchdown point i s  not hown. One such technique was t o  accept a f i n i t e  rate of 
descent t o  touchdown. Thus, t he  lack of accurate height judgment could be o f f se t  
without resu l t ing  i n  large a i r c r a f t  a t t i t u d e  changes or excessive f loa t ing .  The 
touchdown impact was not unusually hard i n  these cases and was much less hard than 
those which sometimes resu l ted  when t h e  p i l o t  misjudged t h e  height while 

This d i f f i c u l t y  i n  exact height estimation was thought t o  be due p a r t l y  t o  
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attempting t o  f l a r e  t o  lower rates of descent. 
view was adequate f o r  t he  ground roll and subsequent taxi ing.  

After touchdown, the  angle of 

The 7 t o  l l m i n u t e s  of a r c  resolut ion of t h e  monitor p ic ture  w a s  adequate 
i n  general during the  flare and ground roll. However, it w a s  not suf f ic ien t  t o  
allow ef fec t ive  judgment of t h e  texture  of t h e  ground surface as an a i d  i n  accu- 
r a t e  height determination f o r  t he  touchdown. Any dr i f t  of the  airplane due t o  
the  crosswinds up t o  10 knots could be corrected eas i ly  and quickly during the  
f l a r e  and touchdown. 
and subsequent taxi ing.  

The crosswinds presented no problem during the  ground roll 

Although p i l o t s  experienced some d i f f i c u l t y  i n  f l a r i n g  t h e  airplane as accu- 
r a t e ly  as desired with t h i s  equipment, these tests indicate  t h a t  an airplane can 
be landed and controlled on the  runway a f t e r  touchdown by using te lev is ion  f o r  
forward view. 

Take -Off 

For addi t ional  information, th ree  take-offs were made using the  te lev is ion  
fo r  forward vision. N o  problems were encountered with d i rec t iona l  alinement 
during the  ground roll and climb t o  about 300 f e e t  where the  airplane was leveled. 
A f t e r  l i f t - o f f ,  p i t ch  reference became progressively less sa t i s fac tory  a s  a r e s u l t  
of the  p i l o t s '  i n a b i l i t y  t o  define the  horizon and because of the  narrow angle of 
view . 

Equipment Requirements 

For t he  two approaches made with a cloud cover of 0.2 t o  0.3,  t he  la rge  var i -  
a t ions  i n  l i g h t  i n t ens i ty  caused by the  changing cloud cover required considerable 
adjustment of t he  brightness control  on the  monitor. The p i l o t  found this manipu- 
l a t i o n  objectionable and, i n  many instances,  impossible because of the workload 
connected with f ly ing  the  airplane.  
con camera must have automatic l i g h t  control.  

For a p rac t i ca l  t e lev is ion  system, the  v id i -  

A s  an a i d  i n  height determination, it would be advantageous f o r  t h e  p i l o t  t o  
have a focus control  f o r  the  vidicon-camera lens  t o  bring near objects  i n t o  c r i t -  
i c a l  focus as touchdown i s  approached. It i s  not known what caused the  poor 
depth of focus. 

CONCLUDING REMARKS 

A b r i e f  study has been presented of t h e  use of a closed-circuit  t e lev is ion  
t o  provide forward view during a i r c r a f t  landing. The r e s u l t s  of 43 landings by 
seven d i f f e ren t  p i l o t s  under good v i sua l  conditions but with the  p i l o t  en t i r e ly  
dependent on the  te lev is ion  f o r  vis ion showed t h a t  te lev is ion  provided adequate 
forward view during the  approach, flare, and ground r o l l .  I n  addition, t he  
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r e s u l t s  of th ree  take-offs showed t h a t  t e l ev i s ion  provided adequate forward view 
during the  ground roll and climb t o  about 500 f e e t .  This study indicated t h a t  a 
p r a c t i c a l  t e l ev i s ion  system f o r  a i r c r a f t  should provide automatic l i g h t  control  
and t h a t  the  p i l o t  should be provided with a focus control  f o r  the vidicon camera. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Stat ion,  Hampton, Va., October 31, 1963. 
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Figure 1.- Sketch of t h e  t r a i n e r  a i rp lane  and loca t ion  of t h e  closed-circui t  t e l e v i s i o n  equipment. 
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